
0 

i 

1 

I 

...... .. ....... I . . . . . . . . ....... , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

1 N A T I O N A L  A E R O N A U T I C S  A N D  S P A C E -  A D M I N I S T R A T I O N  

MSC INTERNAL NOTE NO 67-FM-74 i 

June 2, 1967 

VELOCITY REQUIREMENTS FOR VENUS 
ORBITAL MISSIONS DURING 1970 TO 
1975 USING FREE-RETURN OUTBOUND 

TRAJECTORIES 

A d v a n  

h. MISSION PLANNING AND ANALYSIS  D l V l S i n  

HOUSTON, TEXAS 

. . . . . . . 

N 

. . . . . .  . . . . . . . . . . . . . .  . . . . . . (NASA-TM-X-69439) 
. . . . . . .  . . . . . .  F O B  VENUS O l i E I T A L  M I S S I G N S  D U R I N G  1970 

VELOCITY R E Q U I E E M E N T S  . . . . . .  
‘TO 1975 USING FREE-RETURN C U T B O U N D  . . . . . .  . . . . . .  . . . . . . . . . . . . .  : : : : - T R A J E C T O R I E S  ( N A S A )  2 4  p 

N74-70667 

Unclas  
00/99 16281 



' 8  

MSC INTERNAL NOTE NO. 67-FM-74 

VELOCITY REQUIREMENTS FOR VENUS ORBITAL MISSIONS 
DURING 1970 TO 1975 USING FREE-RETURN OUTBOUND TRAJECTORIES 

By John T. McNeely 
Advanced M iss ion Design Branch 

June 2, 1967 

MISSION PLANNING AND ANALYSIS DIVISION 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MANNED SPACECRAFT CENTER 

HOUSTON, TEXAS 

Mission lanning and Analysis Division \B 



FIGURES 

Figure Pa ge 

1 Model used t o  descr ibe  the  motion of t h e  spacec ra f t  
w i th in  t h e  sphere of influence of Venus . . . . . . . .  6 

2 C h a r a c t e r i s t i c s  of Venus orbit missions;  launch da te  
between J u l y  13, 1970 and September 11, 1970 

( a )  Outbound and t o t a l  t r i p  t i m e  . . . . . . . . . . . .  7 

( c )  Veloc i ty  increments a t  Venus . . . . . . . . . . . .  9 
(b)  Veloci ty  increments a t  Ear th  . , . . . . 8 

3 C h a r a c t e r i s t i c s  of Venus o r b i t  missions; launch da te  
between March 14, 1972 and May 8, 1972 

( a )  Outbound and t o t a l  t r i p  time . . . . . . . . . . . .  10 
(b)  Veloci ty  increments a t  Ea r th  . . . . . . . . . . . .  11 
( c )  Veloci ty  increments a t  Venus . . . . . . . . . . . .  E 

4 C h a r a c t e r i s t i c s  of Venus o r b i t  missions;  h u n c h  d a t e  
between October 15, 1973 and December 4, 1973 

( a )  Outbound and t o t a l  t r i p  t ime . . . . . . . . . . . .  13 
(b) Veloci ty  increments a t  Ea r th  . . . . . . . . . . . .  14 
( c )  Deboost ve loc i ty  a t  Venus . . . . . . . . . . . . .  13 
( d )  Transear th  i n j e c t i o n  ve loc i ty  . . . . . . . . . . .  16 

5 C h a r a c t e r i s t i c s  of Venus o r b i t  missions; launch d a t e  
between May 8, 1975 and June 27, 1975 

( a )  Outbound and t o t a l  t r i p  time . . . . . . . . . . . .  17 
(b) Veloci ty  increments a t  Ea r th  . . . . . . . . . . . .  18 
( c )  Deboost ve loc i ty  a t  Venus . . . . . . . . . . . . .  19 
( d )  Transear th  i n j e c t i o n  ve loc i ty  . . . . . . . . . . .  20 

iii 



VELOCITY REQUIREMENTS FOR VENUS ORBITAL MISSIONS DURING 1970 TO 1975 

USING FREE-RETURN OUTBOUND TRAJECTORIES 

By John T. McNeely 

SUMMARY 

A s tudy has been made of  t h e  ve loc i ty  requirements f o r  Venus o rb i -  
t a l  missions between 1970 and 1975 us ing  outbound h e l i o c e n t r i c  t r a j e c -  
t o r i e s  which a r e  f r ee - r e tu rn  t o  Earth.  The outbound t r i p  times vary 
between 76 and 146 days.  
and t h e  r e s u l t i n g  t o t a l  t r i p  t i m e s  a r e  between 350 and 475 days.  Two 
o r b i t s  around Venus a r e  considered: a 100- by 80 000-n. m i .  o r b i t  and 
a 1000- by 80 000-n. m i .  o r b i t .  
o r b i t  r equ i r e s  t h e  least  v e l o c i t y  change. O f  t h e  four  launch per iods  
considered between 1970 and 1975, the  minimum v e l o c i t y  missions occur 
during 1975. 

Stay times between 0 and 30 days a r e  cons idered ,  

I n  a l l  ca ses ,  t h e  100- by 80 000-n. m i .  

INTRODUCTION 

One of t h e  goa ls  of manned explora t ion  of space may be t h e  explora- 
t i o n  of t h e  p l a n e t  Venus. Much more information can be obta ined  from 
o r b i t a l  missions than  from f lyby  missions.  I n  s tud ie s  of  f lyby  miss ions ,  
both f r e e  r e t u r n  and powered-turn ( ref .  1, 2 ,  and 3 )  , it i s  shown t h a t  
Venus o r b i t a l  missions w i l l  r equ i r e  less v e l o c i t y  than  similar missions 
t o  Mars. Venus missions a l s o  have much s h o r t e r  t o t a l  t r i p  times. 

The f r e e  r e t u r n  t r a j e c t o r i e s  t o  Venus analyzed i n  r e fe rence  3 have 
outbound t r i p  t imes between 76 and 146 days. 
ope ra t iona l  problems, it might be des i r ab le  t o  use a f r ee - r e tu rn  tra- 
j e c t o r y  when a p lane tary  o r b i t a l  mission i s  attempted. For t h a t  reason ,  
i n  t h i s  s tudy t h e  outbound por t ion  of an o r b i t a l  mission i s  a f ree-  
r e t u r n  t r a j e c t o r y .  Stay times between 0 and 30 days a r e  cons idered ,  
and t h e  r e s u l t i n g  t o t a l  t r i p  t i m e s  are between 350 and 475 days.  
t r a n s e a r t h  i n j e c t i o n  ve loc i ty  is minimized. 

Because of unforeseeable  

The 
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Since f r ee - r e tu rn  t r a j e c t o r i e s  a r e  not  necessa r i ly  minimum in j ec -  
t i o n  v e l o c i t y  miss ions ,  any f l i g h t  using t h e  outbound segment of  a 
free-return t r a j e c t o r y  w i l l .  not necessa r i ly  be a minimum v e l o c i t y  m i s -  
s i on .  

The author  wishes t o  express  h i s  app rec i a t ion  t o  M r .  Benjamine J .  
Garland f o r  t h e  use of h i s  Conic In t e rp l ane t ry  Computer Program ( r e f .  1 
and 2 ) ,  which w a s  used t o  genera te  t h e  d a t a  f o r  t h i s  r eFor t .  

ANALYSIS 

This study w a s  made t o  determine v e l o c i t y  requirements f o r  Venus 
o r b i t a l  missions.  The ve loc i ty  requi red  f o r  deboosting i n t o  o r b i t  around 
Venus is simply t h e  d i f f e rence  between t h e  p e r i a p s i s  v e l o c i t y  of t h e  
incoming hyperbola and t h e  pe r i aps i s  v e l o c i t y  of t h e  o r b i t  around Venus. 
Likewise, t h e  t r a n s e a r t h  i n j e c t i o n  v e l o c i t y  i s  t h e  d i f f e rence  between 
t h e  p e r i a p s i s  v e l o c i t y  of  t h e  escape hyperbola and t h e  p e r i a p s i s  velo- 
c i t y  of t h e  o r b i t  around Venus. No provis ions  were made f o r  o r b i t a l  
pe r tu rba t ions .  Figure 1 shows the  motion of  t h e  spacec ra f t  w i th in  t h e  
sphere of in f luence  of Venus. The inbound t r i p  t i m e  w a s  incremented 
until t h e  minimum t r a n s e a r t h  i n j e c t i o n  v e l o c i t y  w a s  found. 

Two o r b i t s  around Venus a r e  considered i n  t h i s  s tudy:  a 100- by 
80 000-n. m i .  o r b i t  and a 1000- by 80 000-n. m i .  o r b i t .  
apoapsis  w a s  chosen so as t o  obtain near-minimum v e l o c i t y  cases .  For 
e i t h e r  of t h e  two o r b i t s ,  t h e  p e r i a p s i s  v e l o c i t y  is only 600 t o  700 f p s  
below t h e o r e t i c a l  escape. I n  all cases ,  t h e  100- by 80 000-n. m i .  o r b i t  
r equ i r e s  less v e l o c i t y  than  t h e  1000- by 80 000-n. m i .  o r b i t .  The 
pe r iod  of  both o r b i t s  i s  s l i g h t l y  less than  3 days.  

The 80 000 n.  m i .  

RESULTS AND DISCUSSION 

A s  s t a t e d  i n  re ference  3, there  are four  per iods  of  t i m e  between 
1970 and 1975 during which f ree- re turn  t r a j e c t o r i e s  t o  Venus a r e  pos- 
s ib le .  (Theore t i ca l ly ,  t h e r e  a r e  f r ee - r e tu rn  t r a j e c t o r i e s  be fo re  t h e  
i n i t i a l  d a t e  of  each per iod ,  b u t  they have a p e r i a p s i s  below t h e  s u r f a c e  
of t h e  p l ane t  and t h e r e f o r e  are of no i n t e r e s t .  ) O r b i t a l  missions flown 
on free-return t r a , j ec to r i e s  have t h e  obvious advantage of r equ i r ing  no 
v e l o c i t y  input  at t h e  t a r g e t  p lane t  i n  o rde r  t o  r e t u r n  i f  f o r  some reason 
t h e  mission i s  abandoned; t h i s  study w a s  l i m i t e d  t o  such missions.  
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The first group of o r b i t a l  missions considered i n  t h i s  s tudy  has 
Earth depar ture  da t e s  between J u l y  13 and September 11, 1970. The o t h e r  
t h r e e  groups of missions have E a r t h  depar ture  da tes  between March 1 4  
and May 8,  1972; October 1 5  and December 4 ,  1973; and May 8 and June 27, 
1975, r e s p e c t i v e l y .  These per iods  occur approximately every 19 months. 

Some of t h e  c h a r a c t e r i s t i c s  of t h e  above missions are presented  i n  
f igu res  2 through 5 as mnc t ions  of Ear th  depar ture  d a t e .  P a r t  ( a )  of 
each f i g u r e  p re sen t s  curves of t h e  outbound and t o t a l  t r i p  t i m e s .  Con- 
s i d e r i n g  t h e  four  t ime per iods and a p e r i a p s i s  a l t i t u d e  a t  Venus of 
100 n.  m i .  , t h e  outbound t r i p  t ime v a r i e s  between 76 and 146 days.  The 
t o t a l  t r i p  t i m e  ranges from 350 t o  416 days f o r  an o r b i t a l  s t a y  t i m e  of 
0.0 days and from 401 t o  475 days fo r  a s t a y  t i m e  o f  30 days.  There 
i s  only a 2- t o  5-day increase  i n  both t i m e s  f o r  t h e  missions with a 
1000-n. m i .  p e r i a p s i s  a l t i t u d e  at Venus. The curves of t r i p  t i m e  fol low 
t h e  same t r e n d  f o r  each per iod:  they are nea r ly  l i n e a r  and t h e  s h o r t e s t  
t imes occur at  t h e  end of each per iod.  The s h o r t e s t  t r i p  t imes occur 
i n  1972. 

Figures 2 ( b ) ,  3 ( b ) ,  4 ( b ) ,  and 5 ( b )  p re sen t  t h e  v e l o c i t y  requirements 
at  Ear th .  The t ransvenus i n j e c t i o n  v e l o c i t y  remains nea r ly  cons tan t  
f o r  about 20 days during each period. This v e l o c i t y  i s  t h e  d i f f e r e n c e  
between t h e  p e r i a p s i s  ve loc i ty  of a 262-11. m i .  c i r c u l a r  o r b i t  and the  
p e r i a p s i s  v e l o c i t y  of t h e  escape hyperbola. For a p e r i a p s i s  a l t i t u d e  
at Venus of 100 n .  m i .  , t h e  minimum transvenus i n j e c t i o n  v e l o c i t y  i s  
11 500 fps i n  1970, 1 2  180 f p s  i n  1972, 12  200 fps  i n  1973, and 11 800 fps  
i n  1975. 
i n j e c t i o n  v e l o c i t y  i s  below 1 2  500 f p s .  There i s  very l i t t l e  change if 
a 1000-n. m i .  p e r i a p s i s  a l t i t u d e  a t  Venus i s  considered.  Also shown i s  
t h e  sum of t h e  v e l o c i t y  requi red  f o r  t ransvenus i n j e c t i o n  and t h e  velo- 
c i t y  r equ i r ed  f o r  deboosting i n t o  o r b i t  around Venus. The minimum sum 
f o r  a p e r i a p s i s  a l t i t u d e  a t  Venus of 100 n .  m i .  i s  1 6  600 f p s  i n  1970, 
17 100 fps i n  1972, 16  400 fps  i n  1973, and 1 5  650 fps  i n  1975. 
o r b i t  s t a y  t i m e  o f  30 days,  t h e  Earth e n t r y  v e l o c i t y  ranges from 47 500 fps  
i n  1970 t o  45 200 f p s  i n  1975. 
s h o r t e r  stay t i m e s  at Venus. 

There are at  least  26 days during each pe r iod  f o r  which t h e  

For an 

The Ear th  en t ry  v e l o c i t y  decreases  with 

I n  f igu res  2 ( c ) ,  3 ( c ) ,  4 ( c ) ,  and 5 ( c )  i s  shown t h e  v e l o c i t y  r equ i r ed  
f o r  deboosting i n t o  a high e l l i p t i c a l  o r b i t  around Venus. For t h e  100- 
by 80 000-n. m i .  o r b i t ,  t h e  m i n i m u m  i s  5040 fps  i n  1970, 4780 f p s  i n  
1972, 4045 fps i n  1973, and 3860 fps i n  1975. 
does zot  a f f e c t  t h i s  velocity increment. The 1000-n.mi. p e r i a p s i s  a l t i -  
tude causes an inc rease  of 200 t o  400 f p s .  Unfortunately,  t h e  depa r tu re  
d a t e  corresponding t o  t h e  minimum v e l o c i t y  r equ i r ed  f o r  deboosting i n t o  
o r b i t  around Venus i s  not  t h e  same as t h a t  d a t e  corresponding t o  t h e  
minimum transvenus i n j e c t i o n  ve loc i ty .  

Obviously, o r b i t  s t a y  t ime 
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The v e l o c i t y  requi red  f o r  t rnnsea r th  i n j e c t i o n  i s  shown i n  f igu res  
2 ( c )  , 3( c )  , 4 ( d )  
s ide red ,  t h i s  ve loc i ty  i s  e s s e n t i a l l y  cons tan t  for a given t ime pe r iod  
and p a r t i c u l a r l y  o r b i t a l  s t a y  t i m e .  The curves a r e  very f l a t  and t h e r e  
i s  only a 20- t o  30-fps d i f f e rence  between t h e  maximum and minimum i n  
1970 and 1972. This d i f f e rence  increases  t o  about 100 fps  i n  1973 and 
1975. 
30 days and a p e r i a p s j s  a l t i t u d e  of  100 n .  m i .  i s  4040 f p s  i n  1970, 
3910 f’ps i n  1972, 4140 fps  i n  1973, and 4540 fps  i n  1975. Increas ing  
t h e  a l t i t u d e  at  p e r i a p s i s  t o  1000 n.  m i .  causes an inc rease  of 500 t o  
600 f p s .  

and 5 ( d ) .  A s  is t r u e  f o r  a l l  t h e  t i m e  per iods con- 

The minimum v e l o c i t y  corresponding t o  an o r b i t  s t a y  t ime of  

The minimum ve loc i ty  requirements are summarized i n  t h e  t a b l e .  

CONCLUSION 

For Venus o r b i t a l  missions between 1970 and 1975 us ing  f r ee - r e tu rn  
outbound t r a j e c t o r i e s ,  t h e  following conclusions can be made. 

1. For a p e r i a p s i s  a l t i t u d e  of 100 n.  m i .  a t  Venus, t h e r e  are 
at  least  26 days during each o f t h e  four  per iods  considered f o r  which 
t h e  t ransvenus i n j e c t i o n  ve loc i ty  i s  below 12  500 f p s .  

2.  The v e l o c i t y  r equ i r ed  t o  get i n t o  a 100- by 80 000-n. m i .  o r b i t  
around Venus v a r i e s  from 3860 t o  600~ f p s  f o r  t h e  t ime per iods s tud ied .  

3. The v e l o c i t y  requi red  t o  get ou t  of o r b i t  and on a r e t u r n  tra- 
j e c t o r y  t o  Earth varies between 3200 and 5206 f p s .  

4. The Earth en t ry  v e l o c i t y  ranges from 43 300 t o  46 600 f’ps and 
inc reases  with longer  o r b i t  s t a y  times. 
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Vm,a Hyperbolic excess velocity of spacecraft at 
sphere of influence arrival, fps 

Hyperbolic excess velocity of spacecraft at 
sphere of influence departure, fps 

- 
Vm,d 

P Apoapsis radius, n.mi. a 

P Periapsis radius, n.mi. 
P 

P 
S 

v 

Radius of sphere of influence, n.mi. 

Half-angle of hyperbolic path at 
Venus, deg 

Figure 1.- Model used to describe the motion of the spacecraft within the sphere 
of influence of Venus. 
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